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Abstract: Nitrogen dioxide is produced from the combustion of fossil fuels and as an emission 
from gas-fired appliances, and is also a component of tobacco smoke. Nitrogen dioxide has 
been shown in experimental animals to be toxic to the respiratory tract. A number of recent 
studies have suggested that children exposed to significant levels of nitrogen dioxide in the 
home may be more susceptible to respiratory illness than children exposed to normal ambient 
levels. Respiratory illness is a major cause of morbidity in children everywhere. Here, we review 
the available evidence of this association and explore methodological issues in measurement of 
nitrogen dioxide exposure— misclassification of subjects, symptom bias and confounding. It 
has recently been shown that some New South Wales school rooms, where unflued gas heaters 
are often used as a source of warmth, have nitrogen dioxide levels which are above 
recommended ambient levels for outside air. This has underlined the need for setting standards 
for indoor levels of various pollutants, and cohort studies are suggested, to include personal 
monitoring and prospective data collection techniques. (Ausl J Public Health 1992; 16: 
245-50) 


I n Australia it has been reported that for children 
younger than 15, there were 34 recent respirat¬ 
ory illnesses for every 100 children and over 40 
per cent of children had consulted a doctor for acute 
respiratory infection within a two-week period. 1 Also, 
children under five years living in urban areas were 
shown to have experienced an average of seven epi¬ 
sodes of respiratory infection annually, resulting in 
three doctor visits a year and the restriction of 
activity and ingestion of medicines on 15 days per 
year—at an estimated cost of $50 million.* The 
consequences of acute respiratory illnesses are obvi¬ 
ously significant. 

Samet has suggested identifying risk factors for 
these types of illnesses in order to reduce their result¬ 
ant burden by appropriate intervent ions.* Exper¬ 
imental studies in animals have shown that exposure 
to low levels of nitrogen dioxide (NO 2 ), of 0.3 to 0.5 
pans per million (ppm), over prolonged periods (par¬ 
ticularly in mice) increases susceptibility to exper¬ 
imental infection. 4 It follows that NO* should be 
considered a potential risk factor in humans. 

Nitrogen dioxide is an air pollutant formed by the 
oxidation of nitric oxide (NO). s The major source of 
ambient pollution is combustion of fossil fuels, while 
tobacco smoke and gas-fired appliance emissions 
provide the main indoor source.* 

This report will focus on the epidemiological evi¬ 
dence of association between NO* exposure and res¬ 
piratory symptomatology and infection in children, 
who are likely to be more susceptible to air pollution 
than adults. 7 -* The current Australian experience is 
reviewed and recommendations for future direction 
are given. 


Correspondence 10 Dr Louis Pilotto. National Centre for Epi¬ 
demiology and Population Health, Australian National University, 
CPO Box 4. Canberra, ACT 2601 


Childhood epidemiological studies 

Ambient (i.e. outdoor) NO* levels, gas cooking at 
home, and indoor NO* levels have all been used as 
measures of NO* exposure in children. Studies of the 
association between such exposure and respiratory 
symptom and illness have yielded mixed results. 

Ambient (outdoor) NOj exposure studies 

As shown in Table 1, all studies which relied on ambi¬ 
ent NO 2 levels as measures of exposure found a posi¬ 
tive relationship. 

Shy and colleagues, in a longitudinal study using 
bi-weekly postcards to determine illness history, 
found an excess of respiratory illness in second grade 
school children exposed to a high level of ambient 
NO*.* This study is referred to as the Chattanooga 
School Children Study. 

Pearlman and co-workers used a retrospective 
questionnaire in 3 217 children to determine the 
presence of bronchitis, croup and pneumonia over 
the previous three years. Bronchitis only was found 
to be significantly increased in first and second grade 
school children exposed to elevated ambient NO* 
levels during that period. 1 * 

Mostardi et ai, using both a cross-sectional study 
design involving a modified Tuscon Longitudinal 
Population Study Questionnaire and a longitudinal 
design with daily diaries to record symptom occur¬ 
rence, found a higher incidence of respiratory symp¬ 
toms in the more highly polluted areas. 11 * 1 * Sulphur 
dioxide (SO 2 ) was also reported to be high in the 
more highly polluted areas. 

Love and co-workers replicated the Chattanooga 
study using a longitudinal design and found 
increased respiratory illness in children in areas more 
exposed to pollution: However they made the point 
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Toble 1: Ambient (outdoor) nitrogen dioxide studies 


Design 

NO 3 exposure 

Symptom meoswre 

Results 

Reference 

longthidinol 

987 children in 968 
fdmAes 

Ambient overoge 
concentration 0.043 ppm 
to 0.109 ppm 

Biweekly postcord; phone 
coN if new. cold or sore 
throot 

Excess illness m children 
exposed to high N0 2 
areas 

Shy et ol. 9 

Cross-sec tiond 

3 217 inlaws of first- ond 
second-grade school 
children 

Ambient overoge 
concentration 0.043 ppm 
to 0.083 ppm (or 2 to 3 
years 

Questionnaire for 
bronchitis, croup ond 
pneumowo, i.e, lower 
respiratory troct infection 

Bronchitis increased m 
children and infonts 
exposed to eievoted NOj 

Peorimon et dJ 10 

Cross-sectional 

299 children oged 10 10 

11 years 

Ambmni overoge 
concentration 0.014 ppm 
to 0.027 ppm 

Questionnaire based on 
Tucson longitudinal 
Population Study 

questionnaire 

Higher symptoms 
associated with polluted 
oreos (NO}) and S0 2 ) 

Mostordi et d. H 

Longiiucfinal, os above 

As obove 

Daily diones used for 
symptoms; given by 
teochers 

Higher incidence of 
cough, sore throot ond 
runny nose in more highly 
polluted oreos 

Mostordi et dJ 12 

1 onoiludind 

2 727 children ond oddts 

Ambient 24-hour, meon 
concentration 22 to 91 
pg per m J 

Bi-weekfy phone data for 
symptoms 

Excess respirotory iflness 
in children in higher ND 2 
oreos 

love et d 13 

longitudinal 

4 898 children oged 0 to 

12 yeors 

Ambient meon N0 2 of 
0.049 ppm 

Bi-weekly phone doto for 
symptoms ond Aness 

A U-shoped relation was 
found for illness ond N0 2 
concentration 

Hornngton et d. 14 

Longitudinal 

N ronged from 304 to 

701 on o yearly bovs 

Ambient meon NO} of 

0.02 to 0.06 mg/doy/100 
cm 2 

Questionnaire every 
summer for symptoms 

Symptoms more prevalent 
in children more heavily 
exposed to pollution 
including N0 2 ond S0 2 

Kogomtmon et d. 1 * 


that it was not possible to attribute illness excess to 
specific pollutants. 13 

Harrington and Krupnick, using bi-weekly tele¬ 
phone data for symptoms and illness in children aged 
up to 12 years, found a U-shaped relationship 
between ambient NO 2 levels and respiratory illness. 14 
No explanation has been found for this unique 
result. It has not been replicated in other studies and 
would appear to be biologically implausible, since 
increasing illness occurrence would be expected with 
increasing levels of exposure. However Abramson 
and Voigt have suggested that if such a curve were to 
exist, this could account for some of the negative 
findings when dichotomous exposure categories 
have been used. 11 

Kagamimori and colleagues found a higher preva¬ 
lence of respiratory symptoms in atopies (children 
with a positive reaction to house dust extract) and 
school children more heavily exposed to air pollution 
which included both NO 2 and SC^. 1 * 

Gas cooking exposure studies 

In the studies using gas for cooking at home as a 
measure of N0 2 of exposure, mixed results were 
found (see Tables 2a and 2b). These studies mainly 
involved cross-sectional study designs with retrospec¬ 
tive parental questionnaires to determine symptom 
and illness histories. 

Melia 17 and Florey 1 ’ and their colleagues found a 
positive relationship between gas cooking at home 
and respiratory symptoms and illness. Melia's earlier 
study did not control for parental smoking, but this 
was corrected in later studies. 17 Speizer and 
co-workers, using physician-diagnosed bronchitis 


and a history of serious respiratory illness before the 
age of two years, found a significant association 
between gas cooking and respiratory illness in the 
under-two age group. 50 Dodge employed a modified 
Tuscon Longitudinal Population Study question¬ 
naire for asthma, sputum, cough and wheeze. The 
prevalence of cough only was found to be signifi¬ 
cantly higher in homes which used gas cooking. 51 
Ekwo et al. found that hospitalisation for respiratory 
illness before the age of two was positively associated 
with gas cooking at home. Such an association was 
not found for coughs with colds in children. 55 
Houthuijs found an increased prevalence of respirat¬ 
ory symptoms associated with the use of unvented 
geysers in the kitchen 53 , while Melia found a positive 
association in certain ethnic groups, namely Afro- 
Caribbeans and whites. 54 

In contrast to these studies, some have found no 
such positive association. Keller and co-workers, fol¬ 
lowing a 12-month longitudinal study involving 441 
families, found gas cooking was not associated with 
an increase in respiratory illness in either adults or 
children. 53 

Of particular significance. Ware and colleagues 
expanded the cohort used in Speizer's study and 
found no association between respiratory illness 
before the age of two and gas cooking at home, and 
acknowledged that the literature was inconsistent 
regarding the health effects of gas stoves.** 
Harrington et al. found no association between gas 
cooking and respiratory illness, which was inconsist¬ 
ent with the results of their ambient N0 2 exposure 
trial. 14 Similarly, Ogston and colleagues found no 
association between gas cooking at home and hospi¬ 
talisation and illness in the first year of life. 57 
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Indoor NO 2 monitoring studies 

Mixed results have also occurred in the few studies 
that measured indoor NO 2 levels and attempted 10 
estimate personal levels of exposure. Florey et ai. 
found a positive association of respiratory illness 
prevalence with N0 2 exposure (as they had also 
found for gas cooking) which increased with higher 
bedroom levels . 19 Houthuijs and co-workers* in the 
study previously reported, also found a positive 
relationship of prevalence of respiratory symptoms 
with estimated personal exposure levels of NO 2 -" 
Berwick and colleagues, using a prospective design, 
found an increase in symptoms of the lower respirat¬ 
ory tract in children aged under seven exposed to 
more than 0.015ppm of NO*. However this study 
included only 121 children, making extrapolation to 
the population in general difficult.** Neas et al., using 


Palmes diffusion tubes to estimate mean annual 
household N0 2 exposure, found that a 15 parts per 
billion (ppb) increase in the mean exposure level was 
associated with an increased cumulative incidence of 
lower respiratory tract symptoms.** 

Four other studies, however, have found no such 
positive relationship. Melia and researchers detected 
no significant relationship between average 
measured NO 2 levels in bedrooms and living rooms 
and respiratory illness. 30 This result was contrary to 
their original findings using gas cooking as a measure 
of exposure. 17 ,i They discounted high humidity or 
low temperature as being responsible for the 
discrepancy. 

Hoek et al., using Palmes tubes and activity data to 
determine personal exposure in a case-control study. 


Toble 2o: Gas cooking vs non-gas cooking at home—studies where positive associations were found 


Design 

Symptom measure 

Results 

Reference 

Cross* sectioned 

Retrospective questionnaire for 

Excess cough, colds gomg to the 

Meta et 

5 758 children oged 6 10 1 l years 

symptoms in the previous year— 
smoking not controlled 

chest ond bronchitis m gas-cooking 
homes 

ol." 

Cross*sechoool IN— 4 8271 and 

Questionnaire os above but smoking 

Relotrve risk was vohoWe, but mostly 

Meko 01 

longitudinal IN— 2 4081 

Children oged From 5 to 111 yeors 

wqs included 

on mcreosed risk of one or more 
symptoms with gos cooking 

ol." 

Cross-sectional 

Symptom Questionnaire based on 

Positive association between gas 

Florey et 

808 children oged 6 to 17 yeors 

Medical Reseorch Council 

Questionnaire IMRCQI 

cooking ond respvotory iftness 

ol." 

Cross-sec honal 

Questionnaire for doctor lor diognosis 

Significant association between gos 

Speizer et 

8 120 children oged 6 to 10 yeors 

ol bronchitis ond history of serious 
respiratory iftness before oge 2 and 
in the previous year 

cook mg ol home ond respirolory 
illness befbre the oge of 2 yeors 

oi.» 

Cross-sectional 

676 children ,oged 8 to 1 2 yeors 

Questionnaire for osftimo, sputum, 
cough ond wheeze 

Prevalence ol cough was sigmficontfy 
ossoooted with gos cook mg 

Dodge” 

Cross-sec tionof 

Used 0 modified Amencon Thor 00 c 

Hospiioksoiton before the oge of 2 

Ekwo et 

1 138 children oged 6 to 1 2 yeors 

Society Questionnaire tATSQl 

was associated with gos cooking of 
home 


Cross-sec honol 

World Health Organisation 

Gas use at home associated with on 

HouthuifS 

630 children oged 6 to 9 yeors 

Questionnaire for respiratory 
symptoms 

increased prevalence of respiratory 
symptoms 

et ol. n 

Cross-sectional 

Retrospective questionnove for 

AH respiratory conditions (except 

Meka el 

4 815 children oged 5 to 11 yeors 

respiratory symptoms in ethnic groups . 

osthmal were most prevalent m Afro- 
Conbbeons and whites 

ol M 


Table 2b: Gos cooking vs non-gas cooking at home—studies where no associations were found 


Design 

Symptom measure 

Results 

Reference 

Longitudinal 

di-weekly phone data from each 

No ossociohon found between gos 

Keller et 

1 952 odulls ond children 

household 

cooking ond respiratory iftness in 
chftdren or odufts 

ol.” 

Goss-sec honol 

Amencon Thor 00 c Questionnaire lor 

No significant ossociohon between 

Sc honker 

4 070 children oged 5 to H yeors 

respirolory symptoms ond illness 
IATSCM ‘ 

gos cooking ond symptoms of iftness 

et ok* 

Longitudmal 

Bi-weekly telephone doto for 

Respirolory iftness was not related to 

Harrington 

4 898 children oged up to 12 years 

symptoms ond illness 

gas cooking of home 

et ol." 

Goss-sec honol 

Retrospective questionnaire for 

NO significant relation between 

Wore et 

10 106 children oged 6 to 9 yeors 

symptoms and illness 

respvotory iftness ond gas cook mg of 
home 

ol.” 

longitudinal 

Hospiloksohon ond recoil of 

No significant ossociohon wos found 

Ogston et 

1 565 infonts in their first year of life 

symptoms in the previous yeor 

but trends did occur 

ol.” 
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found no difference in exposure between cases 
reported to suffer from bronchitis, asthma, frequent 
coughs or colds, and allergy, and controls. 51 Koo and 
co-workers used passive diffusion badge-style moni¬ 
tors worn for 24 hours to measure personal NO 2 
exposure. They reported these monitors as having an 
accuracy of plus or minus 20 per cent when com¬ 
pared to other recognised forms of monitoring. 
Monitoring was conducted during one week only for 
each subject and no association was found between 
the children’s NO 2 exposure levels and respiratory 
symptoms.” Dijkstra and colleagues estimated 
weekly average NO 2 concentrations at home using 
Palmes diffusion tubes as a measure of exposure. No 
association between NO 2 home exposure and respir¬ 
atory symptoms was found. 33 

Methodological issues 

Concerning ambient monitoring as a measure of 
NOj exposure, Mostardi points out that it is difficult 
to determine which ambient pollutant is responsible 
for an effect. 11 More specifically, the Chattanooga 
study* has been criticised for presuming to dis¬ 
tinguish the relative exposure contribution of NO 2 
from other pollutants. 3 In studies measuring ambient 
NO 2 levels only, caution is needed in interpreting a 
positive association between polluting gases and res¬ 
piratory illness to NO 2 


Some authors consider that use of gas for cooking 
as a measure of NO 2 exposure leads to 
misclassification of subjects.- 3 * 134 Samel and col¬ 
leagues indicate that if an association is small it may 
not be detected because of misclassification. They 
believe that no definitive statement is possible con¬ 
cerning the risk of NO 2 posed by gas cooking at 
home. 34 

In most retrospective studies, questionnaires 
answered by parents were used to determine 
children’s illness histories. These questionnaires 
were subject to bias introduced by the state of the 
child at the time of the questionnaire* 1 ' 34 and the 
parents’ lack of knowledge. 20 Another source of bias 
relates to which parent completed the questionnaire, 
with fathers reporting respiratory symptoms and ill¬ 
ness less frequently than mothers—-a factor uncon¬ 
trolled in past studies. 7 

Confounding, the effect of other variables which 
may be associated with the factors being studied, 
needs to be considered. Confounders may cause an 
overestimate, underestimate or may even change the 
direction of a true association between exposure and 
disease. 33 Potential confounders include smoking, 
asthma, and socio-economic status, which have not 
been accounted for with consistency in the reported 
studies. 34 




Table 3: Indoor nitrogen dioxide measurement 


Design 

Meon NO? meosure 

Symptom measure 

Results 

Reference 

Cross-sectional 

808 children oged 6 10 

I I yeocs 

0.018 ppm to 0.122 
ppm, dHusion sampling in 
kitchens ond bedrooms 

Symptoms based on 
Medico! Reseorch Council 
Questionnaire (MRCQf 

Positive association which 
increased with higher 

NO? levels 

Florey et iol.'* 

Cross-sectionol 

630 children oged 6 to 9 
years 

Polmes tube ond mne 
budgeting for persoooi 
exposure 

0.103 ppm 

World Health 

Ogomsohon 

Questionnaire for * 
respiratory symptoms 
IWHOQl 

Personal exposure was 
associated with higher 
symptom prevalence 

Hoothuns et ol« 

Longitudinal 

121 children oged I4ss 
than 7 years 

Passive diffusion 
monitoring 6-90 mg/m* 
0.03 to 0.045 ppm 

Bi-weekly phone calls (or 
Symptoms ond lower 
respiratory illness U.RU 

Increased IRI risk in 
children less than 7 
exposed to 30 Mg/m J 

Berwick etioi.” 

Cross-sectional 

I 567 children oged 7 to 

II years 

Polmes tubes for 2 weeks 
to estimate meon onnuai 
NO? household exposure 

ATSQ given on three 
separate occasions for 
respirotory symptoms 

15 ppb increase m NO? 
onnuai household meon 
associated with increased 
cumulative incidence of IRI 1 

Neos et ol. 9 * 

Cross-sectional 

179 children oged 5 to 6 

Possive diffusion monitors 
0.005 to 0.161 ppm m 

Questionnaire for 
respirotory symptoms ond 

No significant association 
found between overoge 

Mefco et oi. M 

years 

bedrooms 

0.009 to 0.292 ppm m 
Wing rooms 

illness 

NO? levels ond 
respiratory conditions 


Case-control 

231 oged 6 

Polmes tubes and octhnty 
data 

44 to 114 Mg/m* 

0.022 to 0.057 ppm 

Questionnaire for 
symptom ond illness 
occurrence 

No difference occurred 
indoors between coses 
ond controls 

Hoek et:o». , » 

Cross-sectional 

362 chOdren oged 7 to 

13 yeors 

Possive diffusion bodges 
level* 13.03 10 23.11 

ppb 

MRCQ ond ATSQ used 
for Aness ond symptoms 

No association between 
children's NO? exposure 
level ond respirotory 
symptoms 

Koo et of.** 

longriutfnal ond 
cross-sectioned 

1 051 children oged 6 to 

12 years 

Weekly Palmes tubes 
Averoge exposure 20 to 

60 pg/m J 

Modified WHOQ for 
respirotory symptoms 

No association between 
NO? home exposure ond 
reported respiratory 
symptoms 

Dijkslro el ol.** 
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The Australian experience 

The NSW Slate Pollution Control Commission 
(SPCC), in determining air quality guidelines for 
urban air pollutants, has adopted the National 
Health and Medical Research Council (NHMRC) 
maximum for NO 2 of 0.16ppm (1 hour maximum) 34 
In 1988, the Commission reported that the ambient 
NO 2 level exceeded this one-hour goal on no more 
than seven days in that year in their monitored areas. 
This tends to indicate that outdoor NO 2 exposure is 
likely to be small and this is supported by the ambient 
studies reported previously (see Table 1). 

In the same year, the first Australian study of 
indoor NO 2 levels was carried out in the Sydney 
metropolitan area and the adjacent Blue Mountains 
of New South Wales. NO 2 levels were measured in 46 
homes using passive badge monitors. Up to 58 per 
cent of homes were found to exceed the NHMRC 
goal of 0.16 ppm. 37 

Ferrari and co-workers concluded that an esti¬ 
mated half a million residents are exposed to NO 2 
levels that exceed the NHMRC goal to the extent of 
three hundred instances during a winter heating 
period. They suggest the number of instances would 
be much higher in the colder climates of Tasmania 
and Canberra. 37 

A recent discussion paper has reported on a study 
of the levels of NO 2 in over 600 New South Wales 
school classrooms resulting from the use of flueless 
gas heaters. The study was commissioned by the NSW 
Department of Education and co-ordinated by the 
SPCC with the assistance of the Australian Gas Light 
Company. Nitrogen dioxide levels ranged from 0.01 
ppm to 2.90 ppm, being higher in poorly ventilated, 
unoccupied classrooms with greater heater use. 
However, even when directions were issued to 
schools to ensure adequate ventilation, 30 per cent of 
school rooms still had levels of NO 2 exceeding 
O.lfippm. 3 * 

Conclusions and recommendations 
The World Health Organisation recommends maxi¬ 
mum levels of 0.08 ppm over 24 hours and 0.21 ppm 
over one hour for ambient NO 2 exposure. 4 The 
NHMRC (recent recommendation) accepts that 
‘NO 2 may cause clinical effects in some individuals 
above 0.3 ppm hourly average*. The Australian 
experience would indicate that a significant number 
of people are exposed to more than 0.16 ppm of NO 2 
hourly on average and that a large number may be 
exposed to more than 0.3 ppm of NO 2 , especially in 
school classrooms. 

Serious doubts exist, for reasons already 
explained, about the interpretation of the previously 
reported studies which used ambient monitoring and 
gas cooking as surrogate measures of personal NO 2 
exposure. Attempts have been made to determine 
personal exposure using indoor monitoring results 
and diaries of individuals’ activities. Florey, 1 * 
Berwick” and Melia 30 carried out home monitoring 
only, while Houthuijs* 3 and Hoek 51 combined home 
monitoring with time activity data in an attempt to 
determine personal exposure. An attempt was made 


to determine school indoor exposure in one study 
hut monitoring was undertaken for one week only. 
This makes overall interpretation of these conflicting 
results difficult and does not provide adequate 
epidemiological evidence from which to set a maxi¬ 
mum hourly or 24-hourly average indoor goal for 

no 2 . 

Epidemiological research is needed on Australian 
populations under local conditions. Respiratory 
responses of Australians to NO 2 exposure may differ 
from those of other countries and need to be 
defined. Study designs will need to incorporate 
strategies that allow accurate measurement of per¬ 
sonal exposure, reliable prospective collection of res¬ 
piratory illness data to overcome recall bias, and 
statistical techniques to determine the minimum 
NO 2 level which will cause illness. 

Many schools in New South Wales rely on unflued 
gas healing in winter and provide an opportunity for 
cohort studies to be undertaken. Passive diffusion 
badge monitors allow time-controlled short-term 
monitoring to be developed and provide a means to 
measure hourly levels of NO 2 exposure in large num¬ 
bers of children in elkssrooms. Combined with home 
monitoring, this would allow a determination of aver¬ 
age 24-hourly and hourly personal exposure which 
would contribute significantly to dau required by the 
NHMRC for setting of goals for maximum NO 2 
levels. Collaboration with appropriate agencies and 
laboratories is vital to ensure accurate monitor prep¬ 
aration, exposure and analysis. 

Daily respiratory diaries have been used effectively 
and efficiently by one of the authors as a means of 
data collection. 5 * 40 Properly designed, these diaries 
may be maintained either by parents or by children 
and allow prospective data collection 10 reduce the 
recall bias inherent in the large number of cross- 
sectional studies undertaken to date. 

Such research is needed to determine if there is a 
health risk associated with exposure to low-level 
NOj. If there is no determined health risk, it would 
be unfair to impose arbitrary restrictions that may be 
financially detrimental to many organisations. 
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